Abstract: The purpose of this study was to determine the prevalence of thermotolerant Campylobacter spp. and antimicrobial resistance profiles isolated from in livestock feces in Isfahan, Iran. A total of 400 fecal of livestock samples were collected, and the presence of Campylobacter species was studied by culture and polymerase chain reaction-based assays and antimicrobial susceptibility test. A total of 28 Campylobacter isolates including 22 Campylobacter jejuni and 6 Campylobacter coli were recovered from feces of livestock. The prevalence rates of Campylobacter spp. were observed in this study in sheep (10%), goat (8%), cattle (5.3%), and camel (4%). The highest prevalence of Campylobacter spp. was found in the summer (10%) and the lowest was in winter (4%). Among the isolates from livestock, both C. jejuni and C. coli from fecal samples had the highest frequency of tetracycline (75.1%) and ciprofloxacin (57.1%) resistance. The results of this study showed a high prevalence of Campylobacter spp. in livestock feces in Isfahan, Iran. The presence of Campylobacter in livestock feces can contaminate the environmental and human food chain. Therefore, detection of Campylobacter spp. in livestock-originated samples is important to identify possible sources of infection and to have that a better understanding of the epidemiology of infection virulence genes of isolates is considered essential.
Introduction
Campylobacter jejuni and Campylobacter coli are recognized as one of the most frequent bacterial causes of food-borne gastroenteritis in humans worldwide (Lopez et al. 2015 ) and a major burden on the health service in many nations (Schielke et al. 2014; Kaakoush et al. 2015) . Thermotolerant bacteria, Campylobacter spp., are widespread in the nature. The principal reservoirs are the alimentary tract of wild and domesticated birds and mammals (Humphrey et al. 2007; Waldenström et al. 2007) .
Campylobacter spp. are prevalent in domestic animals, such as poultry, cattle, pigs, and sheep (Humphrey et al. 2007) , in pets, including cats and dogs (Acke et al. 2011; Andrzejewska et al. 2013) , and wild birds (Waldenström et al. 2007; Rutledge et al. 2013) , and in the environmental water sources (Raissy et al. 2014; Henry et al. 2015; Huang et al. 2015) . There are many possible sources of infection with C. jejuni and C. coli, as they are part of the normal intestinal flora in a wide range of birds and mammals (World Organisation for Animal Health 2008). Large-scale outbreaks of human campylobacteriosis are rare and are usually linked to the consumption of polluted water or raw milk. Sporadic cases of campylobacteriosis are more common and are associated with the consumption of undercooked chicken. In humans, infections caused by C. jejuni and C. coli are well known and are generally transmitted through water, milk, and domestic animals (Hänninen et al. 2003; Litrup et al. 2007; Kwan et al. 2008; Huang et al. 2009; Ommi et al. 2016) . Retail meat products, including poultry, have been frequently implicated as sources of infection and are a major risk factor for campylobacteriosis in humans (Zhao et al. 2001; Ge et al. 2003; Meldrum and Wilson 2007) . Infection with C. jejuni or C. coli is characterized by the sudden onset of fever, abdominal cramps, and diarrhea with blood and leukocytes (Kim et al. 2015) .
Origins of human Campylobacter infection other than poultry meat have been suggested based on the different antimicrobial susceptibility patterns found between human and poultry strains (Luber et al. 2003) . The majority of Campylobacter infections are sporadic and self-limiting in nature that makes it difficult to accurately determine the true incidence rate. Due to the self-limiting nature of campylobacteriosis, antimicrobials are usually not recommended for treatment except in severe cases where fluoroquinolones and macrolides are the treatment options of choice (Butzler 2004; Yates et al. 2005) . Frequency of resistance to these important classes of antimicrobials has reported to be on the rise globally (NARMS 2007; Rozynek et al. 2008) . Additionally, multidrug-resistant C. jejuni and C. coli have been reported from domestic animals and retail meats, including poultry and swine (Zhao et al. 2001; Datta et al. 2003; Ge et al. 2003; Gebreyes et al. 2005; Thakur and Gebreyes 2005; Thakur et al. 2006; Mena et al. 2008; Kashoma et al. 2015) .
The current scientific knowledge on prevalence of C. jejuni and C. coli in livestock in Iran is limited. To address this lack of information, this study was undertaken to determine the prevalence of C. jejuni and C. coli in feces of livestock and to determine antimicrobial resistance profiles in strain types of C. jejuni and C. coli isolated from livestock feces.
Materials and Methods

Sample collection
From March 2014 to March 2015 in four seasons (spring: March to June; summer: June to September; autumn: September to December; winter: December to March), a total of 400 samples of fresh feces from cattle (n = 150), sheep (n = 100), goat (n = 100), and camel (n = 50) were collected. All samples were placed in separate sterile plastic bags to prevent spilling and cross contamination and were immediately transported to the laboratory in a cooler with ice packs.
Microbiological analysis
The fecal samples were processed immediately upon arrival using aseptic techniques. Approximately 5 g of feces was homogenized in 45 mL of Preston enrichment broth base containing Campylobacter selective supplement IV (HiMedia Laboratories, Mumbai, India) and 5% (v/v) defibrinated sheep blood. After inoculation at 42°C for 24 h in a microaerophilic condition (85% N 2 , 10% CO 2 and 5% O 2 ), 0.1 mL of the enrichment broth was then streaked onto Campylobacter selective agar base (HiMedia Laboratories, Mumbai, India) supplemented with an antibiotic supplement for the selective isolation of Campylobacter species (HiMedia Laboratories, Mumbai, India) and 5% (v/v) defibrinated sheep blood and incubated at 42°C for 48 h under the same conditions. Presumptive thermotolerant Campylobacter colonies from each selective agar plate were subjected to biochemical tests. For identification, we used standard microbiological and biochemical procedures including Gram staining, production of catalase, oxidase, hippurate hydrolysis, urease activity, indoxyl acetate hydrolysis, and susceptibility to cephalothin (Rahimi and Ameri 2011) .
DNA extraction and PCR conditions
From Preston's broth, we extracted DNA from samples after the enrichment step using a Genomic DNA purification kit (K0512, Fermentas, GmbH, St. Leon-Rot, Germany) according to the manufacturer's protocol. The polymerase chain reaction (PCR) procedures used in this study have been described previously (Denis et al. 1999) .
In this protocol, three genes selected for the identification of the Campylobacter spp., C. jejuni, and C. coli were the 16S rRNA gene (Linton et al. 1997) , the mapA gene (Stucki et al. 1995) , and the ceuE gene (Gonzalez et al. 1997) , respectively. The primers sets used were 16SrRNA (Forward: 5′-ATC TAA TGG CTT AAC CAT TAA AC and Reverse: 5′-GGA CGG TAA CTA GTT TAG TAT T) for the identification of Campylobacter spp., and mapA (Forward: 5′-CTA TTT TAT TTT TGA GTG CTT GTG and Reverse: 5′-GCT TTA TTT GCC ATT TGT TTT ATT A) for C. jejuni and ceuE (Forward: 5′-AAT TGA AAA TTG CTC CAA CTA TG and Reverse: 5′-TGA TTT TAT TAT TTG TAG CAG CG) for C. coli. MDmapA2, COL3, and MDCOL2 primers in the Fermentas buffer (Fermentas, GmbH, St. Leon-Rot, Germany). Amplification reactions were carried out using a DNA thermal cycler (Master Cycle Gradiant, Eppendorf, Hamburg, St. Leon-Rot, Germany) with the following program: 1 cycle of 10 min at 95°C, 35 cycles each consisting of 30 s at 95°C, 1 min and 30 s at 59°C, 1 min at 72°C, and a final extension step of 10 min at 72°C. The amplification generated 857, 589, and 462 bp DNA fragments corresponding to the Campylobacter genus, C. jejuni, and C. coli, respectively. Campylobacter coli (ATCC 33559) and C. jejuni (ATCC 33560) were used as the positive controls, and DNase-free water was used as the negative control. The PCR products were stained with a 1% solution of ethidium bromide and were visualized under UV light after gel electrophoresis on 1.5% agarose (Fig. 1) .
Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed by the Kirby-Bauer disk diffusion method using Mueller Hinton agar (HiMedia Laboratories, Mumbai, India) supplemented with 5% defibrinated sheep blood, according to the Clinical Laboratory Standards Institute (CLSI 2006) . The following antimicrobial impregnated disks (HiMedia Laboratories, Mumbai, India) were used: nalidixic acid (30 μg), ciprofloxacin (15 μg), erythromycin (15 μg), tetracycline (15 μg), streptomycin (30 μg), gentamicin (10 μg), amoxicillin (30 μg), ampicillin (10 μg), chloramphenicol (30 μg), and enrofloxacin (10 μg).
Briefly, well-isolated colonies of same morphological type were selected from an agar plate culture and transferred into 10 mL of sterile saline buffer (NaCl 0.9%). After homogenization, 2 mL of the mixture was flooded onto the surface of a Mueller-Hinton agar (Oxoid) containing 5% defibrinated sheep blood. The inoculum was allowed to dry for 5 min, and antibiotic discs were placed on the plate. After 48 h of microaerobic incubation at 37°C, diameters of the inhibition zones were measured with calipers, and the results were interpreted in accordance with interpretive criteria provided by CLSI (2006) . Staphylococcus aureus and Escherichia coli were used as quality control organisms in antimicrobial susceptibility determination. The antimicrobial agents tested in this study are widely used to treat infections in people and in domestic animals in Iran.
Statistical analysis
Data generated were subjected to descriptive statistics using Microsoft Excel version 2010 (Microsoft, Redmond, WA, USA) and expressed in percentages.
Results and Discussion
A total of 28 Campylobacter isolates including 22 C. jejuni and 6 C. coli were recovered from feces of livestock and identified based on culture and multiplex PCR reactions. The prevalence rates of Campylobacter spp. observed in this study in sheep (10%), goat (8%), cattle (5.3%), and camel (4%). In general, 7% of sheep were positive for C. jejuni and 3% for C. coli (Table 1) . Our results are lower with respect to reports in other studies in Iran which show that approximately 76% of the flocks were positive for C. jejuni or C. coli. Twenty-two percent were positive for C. jejuni, 32% for C. coli, and 22% for both species Campylobacter is among the leading causes of bacterial food-borne gastroenteritis cases in Iran. We evaluated the prevalence of Campylobacter within livestock to assess the probability of transfer of these bacteria to humans. We focused on C. jejuni and C. coli as being primarily responsible for human disease (Humphrey et al. 2007) .
In this study, the highest prevalence of Campylobacter spp. was found in the summer (10%) and the lowest was in winter (4%) ( Table 2 ). This result is in line with other study conducted in Iran, which showed that the highest incidence values were found in the summer and in children less than 1 yr old (42.7%). The Pathogenic bacteria recovered out from fecal samples of 555 (55.1%) patients showed that Campylobacter was found in 70 (12.6%) positive samples (Jafari et al. 2009 ). Similarly, a study conducted in Poland showed that Campylobacter spp. were isolated from 4.81% dogs and 9.86% cats, respectively, and C. jejuni was predominant. In addition, all strains were isolated in autumn and winter from the animals living in farms and private houses (Andrzejewska et al. 2013) .
A study conducted in Canada showed that Campylobacter spp. were isolated from 87% cattle feces. In addition, 64% of 277 and 70% of 1209 Campylobacter isolates were identified as C. jejuni in winter and summer, respectively (Hannon et al. 2009 ). But, in our study, majority of Campylobacter strains were isolated in summer and spring and few of the stains were isolated in autumn and winter season.
Antibiotic resistance in Campylobacter is globally emerging and has already been described by several authors and recognized by The World Health Organization (WHO 2000 (WHO , 2013 as a public health problem (Silva et al. 2011) . Antibiotics, generally macrolides, tetracycline, and (fluoro) quinolones, are necessary for the most severe cases. In recent years, several studies confirmed the increased number of Campylobacter isolates as resistant to macrolides and fluoroquinolones (Alfredson and Korolic 2007; Wieczorek et al. 2012) . Antimicrobial resistance for the two Campylobacter spp. are shown in Table 3 . Antimicrobial resistance to tetracycline was observed in 81.96% of the C. jejuni and 50% of the C. coli isolates from livestock. Among the isolates from livestock, both C. jejuni and C. coli from fecal samples had the highest frequency of tetracycline (75.1%), ciprofloxacin (57.1%), and naldistic acid (50%) resistance. Our results are in agreement with other studies that have reported similar findings with larger numbers of Campylobacter isolates from ground turkey exhibiting antimicrobial resistance (Ge et al. 2003; D'lima et al. 2007) .
A recent study from Poland also reported 40% of the C. jejuni isolates obtained from humans and chickens to be ciprofloxacin resistance (Rozynek et al. 2008) , whereas another from the United Arab Emirates reported 85.4% of C. jejuni from humans to be fluoroquinolone resistant (Sonnevend et al. 2006) . Another study showed that Ciprofloxacin-resistant C. jejuni was observed in 13.5% and 19% of the isolates from humans and retail chicken breasts, respectively. Antimicrobial resistance to ciprofloxacin and erythromycin was detected in C. coli isolates recovered from 29% and 16.6% of retail meats and 15% and 5% humans, respectively (Thakur et al. 2010) .
In this study,Campylobacter isolates were resistant to one or more antimicrobial agents (35.71%). Antimicrobial resistance of Campylobacter isolates was determined for 10 antimicrobial drugs using the disk diffusion method. Of the 28 Campylobacter isolates tested, resistance to tetracycline was the most common finding (75%), followed by resistance to ciprofloxacin (57.14%) and nalidixic acid (50%). None of the isolates was resistant to gentamicin. Campylobacter isolates displayed the lowest resistance to ampicillin (3.57%), chloramphenicol (3.57%), erythromycin (3.57%), and streptomycin (7.14%). Although low rates of resistance to erythromycin, ampicillin, chloramphenicol, and gentamicin have been reported by other investigators (Little et al. 2008; Rahimi et al. 2013; Jonaidi-Jafari et al. 2016 ), a high prevalence of resistance to erythromycin was observed in other studies (Van Looveren et al. 2001; Ge et al. 2003) .
All isolates of C. jejuni and C. coli derived from livestock feces were found to be susceptible to gentamicin. Andrzejewska et al. (2013) reported that 91% of isolated strains were susceptible to erythromycin. Eighty-one percent among isolated strains were susceptible to azithromycin, 64% to tetracycline, and 36% to ciprofloxacin (Andrzejewska et al. 2013 ). This finding is in contrast with our result due to the difference in animals used for the source of the isolate. Therefore, multidrugresistant strains were found in higher numbers of C. jejuni than C. coli in livestock, which from a public health perspective is highly undesirable. However, the significantly higher number of livestock campylobacteriosis cases caused by C. jejuni and C. coli highlights the importance of virulence determinants that aid in causing infection in the host.
Conclusions
In conclusion, the results of this study showed a high prevalence of Campylobacter spp. in livestock feces in East of Isfahan, Iran. Most of the isolates were antimicrobialresistant strains. The presence of Campylobacter in livestock feces can contaminate the environmental and human food chain. Therefore, detection of Campylobacter spp. in livestock-originated samples is important to identify possible sources of infection and to have a better understanding of the epidemiology of infection virulence genes of isolates is considered essential. We thus conclude that Campylobacter spp. may be transmitted to humans via its environmental sources and (or) by immediate and close contact with animals, but hard evidence studies on the pathogenesis of Campylobacter are necessary. These findings may have important implications for food safety, public health, and environmental transmission of campylobacters in the province, and further investigations will be required to fully understand the role of livestock feces in the epidemiology of campylobacters in Iran.
